Site-directed mutagenesis of the greasy slide aromatic residues within the LamB (maltoporin) channel of Escherichia coli: effect on ion and maltopentaose transport.
The 3D-structure of the maltooligosaccharide-specific LamB-channel of Escherichia coli (also called maltoporin) is known from X-ray crystallography. The 3D structure suggests that a number of aromatic residues (Y6, Y41, W74, F229, W358 and W420) within the channel lumen are involved in carbohydrate and ion transport. All aromatic residues were replaced by alanine-scanning mutagenesis. Furthermore, LamB mutants were created in which two, three, four, five and all six aromatic residues were replaced to study their effects on ion and maltopentaose transport through LamB. The purified mutant proteins were reconstituted into lipid bilayer membranes and the single-channel conductance of the mutants was studied in conductance experiments. The results suggest that all aromatic residues provide some steric hindrance for ion transport through LamB. Highest impact is provided by Y6 and Y41 that are localized opposite Y118, which form the central constriction of the LamB channel. Stability constants for binding of maltopentaose to the mutant channels were measured using titration experiments with the carbohydrate. The mutation of one or several aromatic residue(s) led to a substantial decrease of the stability constant of binding. The highest effect was observed when all aromatic residues were replaced by alanine because no binding of maltopentaose could be detected in such a case. However, binding was again possible when Y118 was replaced by tryptophan. The carbohydrate-induced block of the channel function could be used also for the study of current noise through the different mutant LamB-channels. The analysis of the power density spectra of some of the mutants allowed the evaluation of the on-rate and off-rate constants (k1 and k(-1)) of carbohydrate binding to the binding site inside the channels. The results suggest that both on-rate and off-rate constants were affected by the mutations. For most mutants, k1 decreased and k(-1) increased. The possible influence of the aromatic residues of the greasy slide on carbohydrate and ion transport through LamB is discussed.